Linear programming was used to analyze the impact of potential changes in federal policies. The amount of federal grazing used by ranchers was found to be relativley unresponsive to grazing fee increases. However, allotment reductions and adjustments in the allowed season of use for federal grazing had a large impact on the quantity of beef supplied and the net income of the ranches studied.
contains a brief description of each activity used in the model and its associated per unit cost or return.
To be realistic, the LP model must account for the amount of forage available from any one forage source (e.g., deeded rangeland, BLM rangeland, hay, and hay aftermath), and seasonal availability and nutrient quality of the forage source in the different grazing periods. This is accomplished in the model through a series of linear equations which express the interrelationship of forage quantity, quality, seasonal availability, and livestock requirements during each grazing period. Constraints in the model included maximum and minimum number of cows to be raised, bull and horse requirements, and land restrictions, both deeded and public. Production parameters included death losses, selling weights, and calving percentages.
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Manuscript received January 8, 1980. Minimum and maximum numbers of cows were imposed as restrictions on the model to preclude ranches from going out of business or greatly increasing herd size in the short run. As such, the analysis is short-run in nature. The economic impact of changes in federal lands policies was measured in terms of aggregate net income to the ranches studied, quantity of beef supplied, and amount of range and hay resources used. For a detailed mathematical description of the LP model used see Tore11 et al. (1979) .
Elko County was selected for study because it contains Nevada's most productive grazing resources and, thus, is an important area for the state's livestock economy. A sample of 36 Elko County ranches from the Mitchell and Garrett (1977) survey was the primary data source. The ranches were aggregated into six groups according to size and whether winter feed or spring (April) grazing was the most limiting resource. For a more detailed discussion and rationale for the aggregation method use, see Ulrich et al. (1979) .
It should be pointed out that each of the six ranch groups has different resource combinations and reacted differently to the policy changes considered. The existence of six different groups of ranches tends to explain some of the minor variations in the estimated behavior of ranches to policy and/ or price changes. For example, at the lowest beef price level considered, most ranches would produce the minimum number of cows (imposed as a constraint). However, two ranch groups would find it profitable to produce above the minimum. These two ranch groups would reduce their herd size to the minimum number of cows when there are changes in grazing policy such as elimination of spring grazing. This explains the slight reduction in total beef supply.
Results
The results of the impact analysis are discussed in four subsections: (1) the influence of beef price levels on production and resource use; (2) effects of increased grazing fee levels on federal lands, both BLM and FS; (3) allotment reductions on BLM lands; and (4) elimination of early spring grazing on BLM lands. Tables 2, 3 , and 4 contain estimates of aggregate ranch output and resource use associated with varying grazing fees, BLM allotment reduction, and elimination of spring grazing on BLM lands, respectively. These changes in grazing policy are analyzed for six levels of beef price, which are weighted average of all beef sold, including cull cows and bulls. As noted in Table 1 , initial beef prices for calves and yearlings are about $40.00 per cwt. This price level corresponds to weighted average price of $34.72 for all animals sold. As beef prices are increased, the weighted beef price level increases accordingly. Thus at $80.00 per cwt for calves and yearlings, the corresponding weighted beef price is $74.8 1. As beef prices increase, changes in ranch output and resource use are consistent with expectations.
Beef Price Level Increases
With increases in the beef price level, there are corresponding increases in net income, total beef supply, hay purchases, and use of forages from irrigated pastures and range sources. Also, when beef prices increase, the amount of hay sold off ranches decreases.
Two beef price levels require specific discussion. The first beef price level is $24.32, which is the lowest beef price level considered in the analysis. At this level of beef price, ranchers are not able to meet variable costs, and if permitted, would get out of the cow business. As previously noted, a minimum cow constraint has been imposed on the study ranches to preclude ranches from going in and out of business in the short run. Thus, at the $24.32 price level, ranchers in the area would produce the minimum number of cows. Again, if the minimum cow constraint had not been imposed, ranchers would find it more profitable to sell their cow herd and raise and sell hay. At the next beef price level of $34.72, ranchers are on the borderline between profitable production of beef and letting resources go unused. This fact should be kept in mind as grazing policy changes are considered in the following paragraphs.
Increase in Federal Grazing Fees
Four federal grazing fee levels were considered in the analysis ( Table 2) . As expected, increased grazing fees decrease net income. For example, at the beef price level of $24.32 and the initial grazing fee level of $1.51 per AUM, net income is $133,300. When the grazing fee level is increased to $2.50 per AUM, net income drops to $7 1,200.
Note, however, that as grazing fee levels increase, physical production or beef supply is relatively unresponsive (inelastic). For example, at the beef price level of $44.80, total beef supply, hay purchases, hay sales, use of irrigated pastures, and federal range use are practically invariant with respect to changes in the grazing fee level. This relationship holds for other beef price levels as well. Accordingly, the results in Table 2 show that as grazing fee levels increase, there is a corresponding decrease in net ranch income for the ranches studied. However, beef supply and forage resource use does not change appreciably.
BLM Allotment Reductions
Three levels of BLM allotment reductions were considered in the analysis (Table 3) . As the level of allowable allotment use is decreased, there are corresponding decreases in net income and total beef supply. Hay purchases decline through a 20% and a 40% BLM allotment reduction. At the 60% allotment reduction, hay purchases increase in order to make up for the reduction in BLM forage. Further, as allotment reduction levels are increased, hay sales also increase, although at the higher beef prices, the amount of increase is nominal. In fact, at the highest beef price level, there are no hay sales.
As expected, as BLM allotment reductions are imposed there is increased use of irrigated pasture and FS range. For all practical purposes, at the beef price level of $34.72, FS range is used to a maximum of 34,000 AUMs.
With the imposition of allotment reductions on BLM lands, ranchers in the area tend to use all of the available or permitted AUM's from BLM lands. For example, at the $44.80 beef price to the elimination of early spring grazing by substituting, to the level and no reduction on BLM lands, ranchers in the area utilize extent possible, irrigated pastures, deeded rangeland and forest approximately 89,000 AUM's of BLM forage. With a 20% reducservice range for the early spring BLM grazing. In addition, tion in BLM allotment, ranchers in the area would use approxiranchers would increase the amount of hay purchased in order to mately 80% of the 89,000 AUM's previously used. make up for the loss in early spring grazing. Because it was
Elimination of Early Spring Grazing
assumed that the total number of AUMs available for the BLM Elimination of BLM grazing during the month of April and lands would not change, the increased purchase of hay for spring during the months of April and May combined were considered in use enabled the ranchers in the area to maintain larger herd sizes the analysis (Table 4) . As expected, as early spring grazing is and, hence, sale of beef. For example, at the higher beef price eliminated, there is a decline in net income. Ranchers would adjust levels, starting with $54.80, beef supply increases as spring grazing is eliminated.
The increase in beef supply comes about from increased use of hay during the early spring and a larger herd size to utilize BLM forage available later in the grazing season. Thus, at the $54.80 price level, beef supply increases from 9.7 million pounds when there is no elimination of spring grazing to approximately 11 million pounds when there is an elimination of spring grazing during both the months of April and May. Even though herd size and beef supply are increased, net income is reduced.
At the lower beef price levels, the results are somewhat more erratic. At the lowest beef price level, the elimination of early spring grazing reduces herd size close the minimum allowed with corresponding decreases in the amount of beef produced and sold. At the next two price levels, beef supply increases when there is only a reduction in April grazing but shows a decrease when both April and May grazing are eliminated. With the elimination of 2 months of grazing in the early spring, ranchers would not find it profitable to feed additional hay to make up for the lost grazing. They do substitute hay to some extent but do not entirely make up for the lost BLM grazing during the early spring.
Conclusions
The results of the three grazing policy changes considered in this paper are interesting in that they are real possibilities and they show different economic impacts on the ranching sector. All three grazing policy changes are being discussed by public land managers. In fact, there is also some speculation that all three policy measures considered could be implemented simultaneously. Each of the grazing policy changes considered has different impacts on the ranching sector. In the most general sense, grazing fee increases have obvious impact on net ranch income but not appreciably affect the production of beef or the use of forage resources. On the other hand, allotment reductions and elimination of early spring grazing have significant effects. Allotment reductions have, perhaps, the most serious impact on the ranching sector-as analyzed in this paper. Ranchers are forced to substitute higher cost forages in order to maintain herd sizes even at the minimum. On the other hand, early spring grazing eliminations as considered at this paper have the effect of reducing net income but _ -increasing beef supply. Again, this results because there is no reduction in overall forage use on BLM lands, but simply an elimination of grazing during the early spring. Thus, although net incomes would be lower, ranchers would logically substitute other sources of forage (e.g., hay, irrigated pasture, other range) during the early spring and hence have more BLM resources to utilize during later parts of the grazing season.
Economic theory and common sense suggest the direction of changes resulting from these modifications in public lands policies. To a large extent, the results reported here confirm the direction of these changes. In addition, this study presents specific estimates of the net income generated, quantity of beef supplied, and the amount of range and hay resources used by the sample of Elko County ranches. These estimates provide public land use managers and planners with information to assess the policy changes prior to their implementation.Equally important, these estimates provide decision makers with information on the relative economic severity of the three policy changes considered. 
